Abstract-Satellite terminal distributed phased array antenna system has a lot of advantages such as good reliability and flexibility. The delay of a signal when it arrives at the receiving end is not the same. Thus in order to combine the signals effectively, it is necessary to align the multiplexed signals in time. In this paper we propose time-delay alignment method of distributed phased array satellite terminal antenna, aiming at satellite terminals distributed phased array antenna system characteristics. Simulation results show that this method can effectively align the multiplexed signals in time and reduce complexity. The simplified scheme with dynamic strategy can also reduce the systematic error.
INTRODUCTION
In distributed phased array antenna system, it is necessary to superimpose the received multiplexed antenna signals on the receiver. Due to different time-delay, we need to align multiple signals in time.
The delay estimation algorithm can be classified as two-way time-delay difference estimation scheme and multi-channel time-delay difference estimation scheme according to the number of signal paths to be estimated [1] . For two-way time-delay difference estimation scheme, the most classical one is the method of time-delay difference estimation based on cross-correlation. This method estimates the time-delay by searching the correlation peak between the local reference signal with the received signal [2] . LMS-based adaptive time-delay difference estimation algorithm transforms time-delay problem into the parameter estimation problem of the filter, and the minimum mean square error of the two signals is used as the criterion for the time-delay estimated [3] .
For multi-antenna signals, classical methods are eigenvalue decomposition algorithm, multi-channel cross correlation algorithm and blind channel identification algorithm [4] .
Eigenvalues decomposition algorithm constructs the correlation matrix of the signal by using multiple received signals with different time-delay and they are independent of each other. The time differences between the signals can be estimated according to the orthogonality between the signal and the noise. Multi-channel cross correlation algorithm generalizes the generalized cross-correlation method to the multi-channel signal. For blind channel identification algorithm, channel is equivalent to a finite impulse response filter for the time-varying linear system. The typical method is adaptive eigenvalue decomposition algorithm [5] . Besides, maximum likelihood estimation method, alternating projection method, nonlinear least squares method, highorder statistics method have been proposed. [6] This paper mainly establishes a distributed antenna delay alignment scheme based on synthetic signal and introduces a dynamic adjustment strategy to compensate the delay difference in simplified scheme. While the dynamic adjustment strategy can also control the error within a small range.
II.
SYSTEM MODEL Distributed antenna technology is the utilization of antenna arrays distributed in the terminal to compose multiple signals on the joint transmission and reception, and 
The signal model of the satellite terminal distributed phased array antenna is as follows.
Thus we can consider the weighted synthesis of multiple signals as reference. The scheme can be referred to as a multi-antenna adaptive time difference estimation scheme based on synthetic signals. The schematic diagram is shown in Fig. 2 .
The output signal and the synthesized signal of i-th signal after the LMS algorithm compensates for the time-delay difference are denoted respectively as y i (t) and y c (t), where h i (k) represents the coefficient of the filter. The error signal of i-th signal and the composite signal is as follows. 
The mean square error in the LMS algorithm is replaced by the instantaneous variance. Finally, the iterative updating formula of is given as follows, where is the partial derivative of with respect to .
This time-delay estimation method needs to continuously receive the received signals into the delay estimation module for accurate delay alignment, which will bring a large expenditure for the system. One simplified scheme utilizes the historical estimated time-delay differences as the basis of signal delay adjustment. The scheme has greater error and result in decreased system performance while the terminal moves faster. Aiming at high-speed mobile terminal, it is necessary to take time-delay difference dynamic adjustment strategy to compensate for the time-delay difference. Through above analysis we know for achieving signal alignment, it is necessary to calculate the variation of the distance between the antennas at the time of transmission or reception and the time of the last time delay estimation. Fig. 3 shows the geometric structure of the variation of the path differences between the distributed antennas. 
A. Antenna Position Relationship in Geometric Model
The vectors in the figure are defined as follows. At time the vector of the 0-th antenna to the satellite is and at time the vector is . So it is for the n-th antenna.
By utilizing the geometric relationship in the figure and vector expression above, we can get the positional relationship between the satellite and the different antennas at different times. At time t, the distance between satellite and 0-th antenna is and between satellite and n-th antenna is . At time , the distance between satellite and 0-th antenna is and between satellite and n-th antenna is .
B. Calculate Variation of Distance Between Antennas
At time t we analyze approximate expression of the distance between n-th antenna and satellite terminal. Get the equation by using Taylor expansion and keeping the first order small quantity. 
Finally, according to the equation (5) 
It can be seen the variation of the antenna distance difference is proportional to the distance between distributed antennas and also proportional to the moving distance of the satellite terminal .And it is inversely proportional to the distance from the satellite to 0-th antenna.The time-delay difference of sending time which should adjust compared to time-delay estimation time is as follows. 
IV. SIMULATION ANALYSIS Assuming there are 10 distributed phased-array antennas. The noise of each signal is zero mean Gaussian white noise and is independent. The iteration step μ is 0.05 and signal delay is [-5 ,5 ] . The simulation results of two-way adaptive time delay estimation scheme and multi-channel time delay estimation scheme based on the synthesized signal are shown in Fig. 4 . From the simulation results it can be seen that the time delay estimation error performance of multi-channel adaptive time-delay estimation algorithm based on the synthesized signal is better than two-way adaptive time delay estimation algorithm, which is consistent with the theoretical analysis of the scheme. It is shown that the scheme can improve the delay estimation performance.
The performance of scheme based on the single reference signal (scheme 1) and time delay estimation scheme based on synthesized signal as the reference signal (scheme 2) is simulated and contrasted. Set a total of 10 antennas and their signal to noise ratio is E b /N 0 +[10dB, 9dB,…, 1dB].
Simulation results of time-delay estimation scheme are shown in Fig. 5 . From simulation result we can see the normalized mean square error of time-delay estimation based on synthesized signal is smaller than that of the two-way adaptive time-delay estimation, which bring a certain degree of performance improvement, without undue impact on the complexity.
Speed of terminal is 1000 km/h and interval between two antennas is 50 m. If period between two time-delay estimation is 100s, the time-delay error between the two signals with and without the delay adjustment strategy is shown in Fig. 6 .
It can be seen time-delay differences of simplified scheme signal show a zigzag variation, because signal only estimates time-delay once in every period. This error can not be corrected until next period. If we can adjust dynamically in one time-delay estimation period, the delay difference can keep a stable level. The estimated delay difference can be utilized directly as the basis for signal alignment.
V. SUMMARY
This paper mainly proposes a distributed antenna delay alignment scheme based on synthetic signal and simplify it. The dynamic adjustment strategy is introduced to compensate the delay difference in the simplified scheme. Simulation results show that the proposed method can improve the performance of time delay estimation. The dynamic adjustment strategy in the simplified scheme can also control error within a small range.
